Accurate diagnosis of infective endocarditis may be difficult. The Beth Israel criteria and the newer Duke criteria assign probability to the diagnosis of infective endocarditis on the basis of the presence of common features and manifestations. We reviewed 111 cases of pediatric infective endocarditis diagnosed and treated over 19 years. Each case was classified by the two criteria, and the results were compared. Of 111 cases, 73 (66%) and 18 (16%) were classified as definite by the Duke criteria and the Beth Israel criteria, respectively. No cases were rejected by the Duke criteria, while 21 (19%) of 111 were rejected by the Beth Israel criteria. In 18 pathologically proven cases, reanalysis without pathological data showed that the Duke criteria had significantly greater sensitivity (83%) than the Beth Israel criteria (67%) (P õ .03). Echocardiographic evidence was required in 22 cases for definite classification by the Duke criteria; none were rejected, however, when echocardiographic findings were ignored. Our results suggest that the Duke criteria are superior to the Beth Israel criteria for the diagnosis of pediatric infective endocarditis.
Infective endocarditis (IE) is a serious but highly treatable criteria were applied to one small series of 38 pediatric patients with IE who were seen from 1978 to 1994 in Argentina, and disease. In the preantibiotic era, this condition was uniformly fatal; with appropriate and timely antibiotic (and in some cases the Duke criteria were again found to be superior, classifying more cases as definite and fewer as rejected [12] . In the present surgical) therapy, morbidity and mortality may be minimized. It was estimated that endocarditis was responsible for one in study, we applied the two diagnostic criteria to a large series of 111 pediatric cases to assess their relative value for the 500 to one in 1,000 pediatric hospitalizations in the 1960s, 1970s, and 1980s [1] . Therefore, IE is not an uncommon pediatdiagnosis of IE in North American children. ric diagnosis, but accurate diagnosis is often difficult.
In 1981, von Reyn and colleagues [2] reviewed 123 adult Methods cases of clinically diagnosed IE from 1970 to 1977 at the Beth Israel Hospital (Boston) and placed them into one of four This study included patients seen from January 1978 through categories: ''definite,'' ''probable,'' ''possible,'' and ''reDecember 1996 at Children's Memorial Hospital in Chicago jected.'' Definite IE required pathological confirmation at surand Children's Hospital of Michigan in Detroit, two large tergery or autopsy. In 1994, Durack and colleagues [3] from the tiary-care children's hospitals in the Midwest. The medical Duke University Endocarditis Service (Durham, NC) proposed records departments at these two hospitals identified records new diagnostic criteria for IE that included three categories:
of all children for whom discharge diagnoses of endocarditis ''definite,'' ''possible,'' and ''rejected.'' According to Durack were encoded within the study years. All patients 20 years of et al., combinations of specific clinical criteria provide evidence age or younger who had a medical record discharge diagnosis of IE; the definite diagnostic category does not require pathoof IE, had been treated with a full course of parenteral antibiotic logical confirmation. therapy for IE, and who had echocardiographic results available The Beth Israel and Duke diagnostic criteria have been apwere included. Charts were reviewed, and the following data plied comparatively to several series of adult patients with IE were collected: signs and symptoms at presentation, presence [3 -11] . The Duke criteria consistently diagnosed IE with of vascular and immunologic phenomena, presence of a new greater sensitivity than the Beth Israel criteria. The two sets of regurgitant murmur, fever, presence of predisposing heart disease, history of cardiac surgery, presence of an indwelling central venous catheter, echocardiographic results, microbiological culture results including organism and number of total Israel criteria rejected 21 cases, while no cases were rejected proven cases. Therefore, to assess the utility of the Duke cliniby the Duke criteria. cal diagnostic criteria, all cases in the subset of pathologically Statistically significant differences existed between the proproven cases were reclassified without consideration of pathoportion of cases classified as definite by the Beth Israel and by logical findings. To determine the importance of the contributhe Duke criteria (P õ .00001) as well as the proportion of tion of echocardiography to the diagnosis of IE, all cases were cases rejected by each diagnostic model (P õ .00001). A conalso reclassified ignoring echocardiographic data.
siderably larger proportion of cases were classified as definite by the Duke criteria; conversely, considerably more cases were
Statistical Analysis
rejected by the Beth Israel criteria. Of the 18 cases considered definite by the Beth Israel criteria, 12 and six were confirmed The data were reported as the number of cases. The distribuon the basis of data found in surgical and autopsy specimens, tion of cases among the categories definite and/or probable, respectively. In nine cases, the diagnosis was based only on possible, and rejected according to the Beth Israel and Duke the results of histological examination of pathological specicriteria was compared by using the McNemar test. The sensitivmens, and in the other nine cases, the diagnosis was based on ities of the clinical criteria of the two diagnostic models among the results of microbiological and histological examinations of pathologically proven cases were compared by Fisher's exact pathological specimens. No cases with microbiological evitest.
dence of IE in pathological specimens lacked confirmation of this evidence by histological examination.
Results
Reclassification of the 18 pathologically proven cases on the basis of clinical criteria alone resulted in 15 remaining definite One hundred eleven cases (51 from Chicago and 60 from by the Duke criteria and only 12 remaining probable by the Detroit) in 104 patients were identified through medical records Beth Israel criteria. Among this small subset, the sensitivity of as meeting inclusion criteria. The patients' ages ranged from the Duke criteria was 83%, while the sensitivity of the Beth 9 days to 20 years (figure 1). The distribution of cases by year Israel criteria was 67% (P õ .03). Fifty-five cases were classiis shown in figure 2 . Infections in our patients were communityacquired or hospital-acquired and occurred in the presence or absence of prosthetic material, including valves. most common targets of embolic phenomena, and glomerulo-NOTE. IE Å infective endocarditis.
nephritis was the most common immunologic manifestation of IE observed. Blood cultures that met the definition of ''persistently positive'' of the Beth Israel criteria were found in 82 cases while blood cultures in 87 cases met the corresponding fied as clinically definite by the Duke criteria without pathological proof. Of these 55 cases, 15 met two major criteria, 28 met Duke criterion. Negative or intermittently positive blood cultures as defined by the Beth Israel criteria or minor Duke one major criterion and at least three minor criteria, and 12 met both major criteria and at least three minor criteria. In microbiological criteria were found in the remaining cases. The frequencies with which the various organisms were isolated comparison, of the 18 pathologically proven cases, 4 met two major criteria, 4 met one major criterion and at least three from our patients are listed in table 4. minor criteria, and 7 met both major criteria and at least three minor criteria. No cases in either group were classified as definite on the basis of minor criteria alone. None of these differDiscussion ences were statistically significant.
When echocardiographic findings were ignored and data Application of the two diagnostic criteria for IE to our series of children yielded two quite different diagnostic outcomes: were reassessed, definite cases were redistributed among the diagnostic categories of the Duke criteria such that 51 of 73 substantially more cases were classified as definite by the Duke criteria and as rejected by the Beth Israel criteria. Several of remained in the definite category and 22 of 73 became possible. None were rejected because of lack of echocardiographic data.
our cases antedate the Beth Israel criteria, which were reported in 1981; even after that report, the criteria were not cited comThe distribution of cases by the Beth Israel criteria remained unchanged since echocardiographic information is not used. monly in series of pediatric patients with IE [13, 14] . The diagnoses of IE in our series were based on the clinical judgThe frequencies of individual diagnostic criteria and manifestations of IE among the 111 cases are shown in thermore, the fatal consequence of untreated endocarditis / 9c5c$$de14 11-13-98 16:32:04 cida UC: CID CID 1998;27 (December) Diagnosis of Pediatric IE portance of clinical features as well as microbiological and hearts (32% of all cases), and the high incidence of candidemia (13%) was related to the use of such indwelling catheters and echocardiographic data, and a more restricted definition of rejected IE. The results of our study are in agreement with those long courses of antibiotic therapy. In our series, indwelling catheters were present only in 10 (42%) of 24 cases in patients of adult series reporting that the sensitivity of the Duke criteria was greater than that of the Beth Israel criteria [3 -11] , with with structurally normal hearts and 19 (17%) of 109 cases overall, and the infecting organisms included Enterococcus more cases classified as definite IE and fewer cases classified as species, S. aureus, coagulase-negative staphylococci, Escherejected. This finding persisted when pathologically confirmed richia coli, Klebsiella species, Serratia marcescens, Enterobaccases (true definite endocarditis) were reclassified on the basis ter aerogenes, viridans streptococci, and Candida species; more of clinical criteria alone.
than one infecting organism was isolated in six of the 19 cases. Only one small study comparing the two sets of criteria for Recently, seven patients (including a 16-year-old) with rightthe diagnosis of IE in children has been reported by Del Pont sided IE complicated by indwelling catheters were described et al. [12] . In that small South American series, six (16%) of [15] ; the infecting organisms included S. aureus, Staphylococ-38 patients had pathologically confirmed IE. Applying only cus epidermidis, and Streptococcus agalactiae. Tricuspid valve clinical criteria to those six cases, all were classified as definite surgery was required in nearly one-half of those patients. That by the Duke criteria, while two of six were considered probable study and our findings support the recent proposal to include and one of six was rejected by the Beth Israel criteria. In our the presence of indwelling central venous catheters as a minor series, when only the 18 pathologically confirmed cases (16%)
Duke criterion within ''predisposing heart condition or intravewere considered, 15 remained definite and 3 were possible by nous drug abuse'' [16] . the Duke clinical criteria, whereas 12 were probable, 3 were
Other recently proposed modifications for improving the possible, and 3 were rejected by the Beth Israel clinical criteria Duke criteria include the addition of newly diagnosed clubbing, alone. Therefore, we agree with Del Pont and colleagues [12] splenomegaly, splinter hemorrhages and petechiae, elevated that the Duke clinical criteria are superior to the Beth Israel acute-phase reactants (such as C-reactive protein level and criteria for the diagnosis of IE in children.
erythrocyte sedimentation rate), and microscopic hematuria to Some differences in patient characteristics exist between our the minor criteria [16] . In addition, it has been proposed that population and that of Del Pont et al. [12] . In the latter study, serology positive for Q fever be added to the major microbioventricular septal defect was identified as the leading predisposlogical criteria and that transesophageal echocardiography be ing cardiac condition. In contrast, we found that complex conutilized when transthoracic echocardiography fails to demongenital heart malformations were more common than simple strate a convincing IE lesion [17] . Unlike in adult cases, howventricular septal defects in our patients with IE. Eighty-one ever, transesophageal echocardiography has not been shown (78%) of our 104 patients had underlying heart disease, 70% to offer any benefit over transthoracic echocardiography for of whom had undergone previous surgery including valvotochildren. The utility of minor echocardiographic findings has mies and placement of Dacron patches, Gortex grafts, systemicalso been questioned [17] . Several children included in our pulmonary shunts, and conduits. In the study of pediatric IE series presented with arthralgias, splenomegaly, and anemia in North America by Saiman et al. [13] , 70% of the children (table 2) . Other investigators have also noted that these findings had underlying heart disease, 50% of whom had a history of are common signs and symptoms in patients with IE [2, 6, 12, cardiac surgery. Similarly, in the recent review of pediatric 14]. Although nonspecific, we believe that these manifestations cases of IE from Pittsburgh by Martin et al. [14] , 62 (85%) of should be included in the vascular and immunologic categories 73 patients had heart disease, and 77% of those patients had of the minor Duke criteria. undergone previous cardiac surgery. In comparison, only 22 Finally, the category of possible IE of the Duke criteria has (58%) of 38 patients described by Del Pont et al. [12] had been criticized for being too vague and undefined, serving only underlying heart disease, and the proportion who underwent as a default category for cases that do not meet definite or previous heart surgery was not stated. These differences may rejected criteria [18, 19] . It has been proposed, therefore, to be related to the differences in medical care for children with define a ''diagnostic floor'' for the possible category such as complex congenital heart disease in North America and South a minimum combination of major and/or minor criteria, without America.
which the diagnosis of IE would be rejected [17, 19] . Del Pont et al. [12] also found no difference in the microbioDespite our understanding of the pathophysiology of IE, logical data for the two sets of criteria for the diagnosis of IE definitive diagnosis of this condition often remains difficult. and considered the microbiological definitions to be essentially
The Duke criteria are highly sensitive for the diagnosis of the same. On the contrary, some of our patients did not meet this important infectious disease in pediatric patients and are the 70% blood culture positivity requirement of the Beth Israel superior to the Beth Israel criteria. criteria and were therefore considered to have ''intermittent'' rather than ''persistent'' bacteremia. In the study by Del Pont
